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Numerical simulation of stress of adjustment sheet during
investment casting process

HONG Yao-wu" %, WANG Tie-jun®, HAN Da-ping’, XU Qing-yan" % LIU Bai-cheng"*

(1. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China;
2. Key Laboratory for Advanced Materials Processing Technology, Ministry of Education,
Tsinghua University, Beijing 100084, China;

3. Shenyang Liming Aero-Engine (Group) Corporation, Shenyang 110043, China)

Abstract: The commercial software ProCAST was used to simulate the stress of adjustment sheets during the
solidification, and then the stress change tendency of the adjustment sheets during the solidification was analyzed. The
results indicate that the stress is bigger and the solidification is slower in the places where the crack defects may easily
happen. The casting stress of an improved scheme for adjustment sheets was also simulated. The simulated results show
that the improved scheme can reduce the casting stress and get higher yield. The real production indicates that the
improved scheme can eliminate defect and increase the yield by 30%.
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Fig. 1 Schematic diagram of adjustment sheet casting: (a) Side
view; (b) Top view
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Fig. 2 Casting process diagram of adjustment sheet (a) and
FEM model (b)
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Table 1  Chemical composition of K424 alloy (mass
fraction, %)!"!
C Cr Al Ti Mo
0.17 9.5 53 4.4 3.0
4 Co Nb \Y% Ni
1.4 13.5 0.5 0.75 Bal.

F2 K424 &Mtz
Table 2 Thermo-physical parameters of K424 alloy'”?

Parameter Value
Density/(kg-m °) 7 870
Specific heat capacity/(J'’kg '-"C ") 568
Heat conductivity/(W-m -"C ") 20
Liquidus temperature/'C 1382
Solidus temperature/ C 1257
Thermal expansion/C ! 1.4X10°

#3 AR

Table 3 Thermo-physical parameters of mold material'”?

Parameter Value
Density/(kgm ) 3970
Specific heat capacity/(J'’kg '='C ") 1 200
Heat conductivity/(W-m -"C™") 10
Thermal expansion/C ' 6.6X10°°
Elastic modulus/MPa 7 000

R4 K424 B4k B B AR 4 1)

Table 4  FElastic modulus of K424 alloy at different
temperaturesm]
Temperature/ ‘C 16 1 200 1257 1350

Elastic modulus/MPa 2.13X10° 1.15X10° 8X10* 200

RS KA24 A G0 RS BHIR 1 AR )

Table 5 Yield strength of K424 alloy at different
temperaturesm]
Temperature/ ‘C 20 750 1200 1382
Yield strength/MPa 755 795 14 5
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Table 6 Hardening coefficient of K424 alloy at different
[17]

temperatures
Temperature/ C 25 7 600 1257 1320
Hardening 4 . X
coefficient/MPa 1.31X10* 1.01X10* 5X10 0
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Fig. 3 Cooling rate of adjustment sheet between different
temperature zones: (a) 1257-1480 °C; (b) 800—1 000 ‘C
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Fig. 4 Evolution of temperature field of adjustment sheet:
(a) =152 s; (b) =182 s; (c) =234 s; (d) =330s; (¢) =1 300 s
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Fig. 6 YZ cross-section of adjustment sheet casting
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Fig. 7 Evolution of oy at different solidification times: (a) =
152's; (b) =182 55 (c) =134 s
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Fig. 9 Improved scheme of adjustment sheet casting
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Fig. 10 Evolution of stress field for adjustment sheet casting
under different schemes at final solidification stage: (a) Initial

scheme; (b) Improved scheme
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Fig. 11 Hot tearing indicator of adjustment sheet casting

under different scheme: (a) Initial scheme; (b) Improved scheme
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